Objective To determine whether any increase in the incidence of breast cancer in women detected by mammography is compensated for by a drop in the incidence after age 69, years when women are no longer invited for screening.
Introduction
Overdiagnosis in cancer screening is defined as the detection of low malignancy lesions that otherwise would not be detected in a patient's lifetime. It is often argued that overdiagnosis is not a problem for screening in breast cancer. [1] [2] [3] For example, Boer et al predicted a 31% increase in incidence of breast cancer in the Dutch mass screening programme that would be nearly fully compensated for by a strong drop in the incidence after age 69 years, when women are no longer invited for screening. 1 Altogether there should be only 2% more breast cancers. 1 Olsen and Gøtzsche reported 30% overdiagnosis in various screening trials. 4 In Finland, incidence rates of breast cancer associated with screening have also increased. 5 In Australia Harmer et al suggested that a recent increase in incidence is entirely due to mammographic screening. 6 Organised nationwide screening for breast cancer with mammography in the age group 50-69 years started in Sweden in 1986 7 and in Norway in 1996. 8 We studied the increase in age specific incidence rates for invasive breast cancer for the period 1971-2001 in Norway and Sweden.
Methods
In 1996-7 around 165 000 women in four counties (Akershus, Oslo, Rogaland, Hordaland-the AORH counties) in Norway, covering 40% of the population, were invited to mammographic screening for the first time. They attended for second screening in 1998-9 and third in 2000-1. Screening in the 15 other counties started gradually later. In Sweden screening was introduced from 1986 to 1996. More than 90% of the million women in the age group 50-69 years had been invited at least once by 1992. Later some women in the age group 70-74 years were also invited. In both countries the attendance rate among the invited women has been about 75%. 7 9 We obtained specific rates of invasive breast cancer for the age groups 30-49, 50-69, and > 69 years from nationwide cancer registers for the period 1971-2000. Our rates include only invasive disease; ductal carcinoma in situ has not been included.
We used Poisson regression models and relative risks to estimate the percentage change in age specific incidence rates of breast cancer after the introduction of nationwide screening programmes. We present relative risks with 95% confidence intervals and calculated estimates using the computer program EGRET.
The Norwegian dataset was analysed with an age-period model over the period 1991-2000. The period effects in 1991-5 were estimated with two linear trend parameters-one for the AORH counties and one for the non-AORH counties. As the non-AORH counties have always had a lower incidence than the AORH counties, 8 we assumed this to be the case for 1991-2000.
We estimated the increase in incidence in the first screening round using an interaction parameter for age 50-69 years, the AORH counties, and the period 1996-7. The incidence increases in second and third screening rounds were estimated by using interaction with periods 1998-9 and 2000, respectively. We estimated the increase in incidence in the non-AORH counties in the period 1996-2000 analogously.
According to Boer et al the incidence is supposed to decline more in the age group 70-74 years than in age group ≥ 75. 1 We therefore estimated relative risks in the AORH counties in 2000 for the age group 70-74 years.
We estimated general period effects in Sweden before and after 1986 using two separate linear trend parameters to allow for an underlying increase in incidence during the period 1971-2000. The age specific increase was estimated with interaction variables between periods 1986-9, 1990-3, 1994-6, and 1997-2000 and age 50-69 years. Here we also tested for any decline in the age groups 70-74 years and 75-79 years using interaction terms between age and periods 1994-6 and 1997-2000, respectively.
In all analyses we adjusted for age using 5 year age intervals. Figure 1 shows age specific rates of invasive breast cancer in Norway. In the AORH counties there was no significant increase in rates during 1991-5 (table 1) . In women aged 50-69 years who were invited to screening in 1996-7, however, the incidence increased by 82% (95% confidence interval 70% to 96%). In the second and third screening rounds the increases in incidence were 54% (42% to 66%) and 56% (42% to 73%), respectively. There was no significant decline in women aged 70-74 years in 2000 (about 80% of all women in the age group 70-74 years had been invited at least once to screening in 1996-9 before they turned 70 years).
Results
There was no significant increase in rates in the non-AORH counties in 1991-5 either. The increases in incidence for the age groups 50-69 years in the non-AORH counties were 16% (1996-7), 31% (1998-9), and 51% (2000). The non-AORH counties had a 13% (10% to 16%) lower incidence than the AORH counties in the period 1991-2000. Figure 2 shows the age specific rates for breast cancer in Sweden. During the period 1971-85 the annual increase in incidence rates was 0.8% (0.7% to 0.9%) for all age groups (table 2), and the incidence increased with age. 1 In this period several large mammographic screening trials took place in Sweden. In the following decade the nationwide screening programme was implemented, and a substantial increase in incidence occurred in the screened age groups. From 1986 to 2000 the incidence rate in the screened group increased by 45% (41% to 49%), whereas there were no significant increases or falls in other age groups. The consequence is that the incidence rates for the age group 50-69 years in recent years have become almost equal to incidence rates for the age group ≥ 70 years ( fig 2) . There was no significant decline in the incidence rate for the age group 70-74 years, either in 1994-6 or in 1997-2000 (in 1997 about 96% of all women in this group had been invited at least once to screening before they had turned 70 years), but for the age group 75-79 years a small (12%) reduction in incidence was present in the last period.
Discussion
We found that the introduction of mammographic screening programmes was associated with more than a 50% increase in the incidence of invasive breast cancer for the age group 50-69 years in Norway and a 45% increase in Sweden. This increase related to screening is much higher than the 2% previously predicted 1 and the 30% reported in the screening trials. 4 If most of this increase were to be compensated for by a subsequent drop in the incidence after age 69 years, then this drop would have to be extreme. However, we found no significant reduction in incidence for the age group 70-74 years in either country and only a small (12%) reduction in the age group 75-79 years in Sweden. If the 12% incidence reduction becomes significant in the AORH counties, it will compensate for only 3% of the 54% incidence increase in the age group 50-69 years.
The discrepancy between our observed increase of around 50% and the 30% increase reported in the screening trials may be explained by differences in mammographic techniques 9 or by the mammographic screening in the control groups 4 of the trials. We cannot rule out the possibility of an underlying increase in incidence for women aged above 50 years in Sweden after 1986. However, a 0.8% annual increase (as seen in Sweden before 1986) can explain only a small part of the 45% increase in Sweden in the age group 50-69 years. Furthermore, a 0.8% increase will cover only a small part of the 50% decline in the age group 70-74 years that Boer et al predicted. 1 As the increase in incidence in Norwegian counties was closely associated with the introduction of screening, 9 it is unlikely that it was caused by other factors (such as hormone replacement therapy). We also think it unlikely that increased detection of low malignancy lesions due to screening after age 69 years may hide any substantial underlying decline in incidence after age 69 years.
Our analysis is fairly simple but can be reproduced by a more sophisticated statistical method similar to that used by Etzioni et al. 10 They found that one in three prostate cancers diagnosed by screening for prostate specific antigen is an overdiagnosis, which is similar to what we estimate for mammographic screening.
Overdiagnosis (and overtreatment) due to mammographic screening has mostly been discussed in relation to the increasing rates of ductal carcinoma in situ, 11 while little attention has been paid to the rates of invasive cancer. Our results suggest that increasing rates of invasive cancer are a more serious problem than ductal carcinoma in situ. We did not include ductal carcinoma in situ in our analyses, but if it had been included, then the relative risk would be 1.80 (1.71 to 1.90) in the AORH counties in 1998-9.
We conclude that after the introduction of screening programmes in Norway and Sweden one third of all cases of invasive breast cancer in the age group 50-69 are overdiagnosed-that is, without screening these cases would not have been detected during the patients' lifetime. The issue of overdiagnosis needs to be properly examined when the mammographic screening programmes in Nordic countries are evaluated in the next few years. Finally, we claim that women cannot make an informed choice on screening unless the level of overdiagnosis is properly explained to them. 12 Contributors: P-HZ and JM conceived and implemented the study, conducted the analysis, and wrote the manuscript. BHS assisted in data analysis and writing. P-HZ is guarantor. Funding: None. Competing interests: None declared. Ethical approval: Not required. 
What is already known on this topic
Nationwide mammography screening results in a substantial increase in the reported incidence of invasive breast cancer in the invited population
It was expected that most of this increase would be compensated for by falling incidence rates when the women are no longer invited for screening
What this study adds
In Norway and Sweden the increase in incidence related to screening in the invited population has not been followed by a similar fall incidence at later ages
The level of overdiagnosis in nationwide mammography screening is much higher than previously thought 1 This rating may not reflect the effectiveness of clinical care measured in patient outcomes because of the lack of accurate routine data. 2 One exception is in adult critical care 3 ; we checked whether a hospital's rating provided an indication of its clinical outcomes.
Methods and results
We compared the 2001-2 rating of 102 acute hospital trusts for which we had validated data for that year. We calculated each patient's predicted risk of death before discharge from hospital 4 and compared it with actual mortality for all admissions in 2001-2 for each unit.
We compared rating with crude mortality at the patient level rather than aggregated by hospital; our sample of hospitals with all hospitals; and university with non-university hospitals using 2 tests for trend. We compared rating with size of intensive care unit and mean age of patients, using Spearman's . We calculated confidence intervals for mortality adjusted for risk, using logistic regression of mortality on rating and predicted log odds of mortality. We tested rating and adjusted mortality using the likelihood ratio test.
The distribution of ratings for the 102 acute hospital trusts was similar to that for all 166 trusts ( 2 = 1.7; P = 0.19). Rating was associated with teaching status (university hospitals had more stars than nonuniversity hospitals-52% v 29% had three, 38% v 45% had two, 5% v 19% had one, 5% v 7% had zero; 2 = 3.9; P = 0.05) but not size of its critical care unit (Spearman's = 0.09; P = 0.34).
Rating and crude mortality for critical care admissions were significantly associated ( 2 = 4.1; df = 1; P = 0.04) (figure): mortality in trusts with three stars was about 4% lower than in trusts with zero stars. However, case mix of critical care admissions also differed considerably. Rating was inversely associated with the mean age of critical care admissions ( = − 0.19; P = 0.04). The association between rating and hospital mortality was no longer significant when case mix differences were taken into account (P = 0.4) (figure).
Comment
For adult critical care, star ratings do not reflect the quality of clinical care provided by hospitals. Patients do just as well in a trust with no stars as they do in one with three stars. Crude mortality data are misleading because they ignore the fact that higher rated trusts tend to be teaching institutions with patients who are less severely ill on admission to critical care units.
We did not expect to find an association between the rating of the whole trust and the effectiveness of critical care. Firstly, hospitals are complex organisations containing many services; performance across a hospital will not be uniform-a poorly rated hospital may contain some excellent services and vice versa. Secondly, ratings are determined by a small number of process measures; outcome measures play only a small 
